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The invention is 
intended to provide a 
measuring chair function 
which will enable the 
propulsion force applied 
to a drive ring by the chair 
user to be measured, and 
also to provide an electrically 
operated powexservo on 
conventional, manually 
driven wheelchairs. Power 
or force sensors (2.1) are 
placed adjacent a respective 
attachment between drive 
ring (3) and wheel (4) and 
function to measure the 
propulsion force applied on 
the drive ring by the user. 
The drive ring is also held 
by other types of attachment 
means (2.2) which lack the 
provision of power or force 
sensors and which solely 
provide a force effect in an 
axial direction and which 
have the smallest possible 
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A WHEEL DEVICE FOR A WHEEL-CHAIR. 
Description 

The present invention is concerned with the provision of an 
electric powerservo on conventional, manually activated 
wheelchairs, and also with the provision of a wheelchair 
measuring function on conventional types of wheelchairs in 
5 which a drive ring is coupled to each of the chair drive 

wheels for the purpose of measuring the forward propulsion 
force applied to the drive ring by the user. 

Wheelchairs are either powered manually or electrically. 

10 Electrical wheelchairs are needed when the handicapped 
person is unable to propel a wheelchair manually by 
himself /herself . There are a large number of people who are 
bound to a wheelchair and who have control over their arm 
movements but lack the physical strength to propel a 

15 wheelchair manually. All of those belonging to this group 

are compelled to use electric wheelchairs that are equipped 
with joystick controls, since no other type of electric 
wheelchair that can better satisfy the need of such people 
is available commercially. 

20 

The problem (the fault) with such joystick-controlled 
chairs is that they do not utilize the power resources of 
the user, resulting, among other things, in passivation or 
inactivation of the user's arm muscles, and also causing 
25 the user to feel more handicapped than he/she actually is. 

There are also a number of situations in which it is 
desirable to obtain a correct and objective assessment of 
the strength and fitness of a handicapped person and also 
30 of the technique used by such a person when propelling a 
manually-driven wheelchair. This objective assessment is 
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wheel. This wheel drive is mounted on the actual wheelchair 
itself, and thus not on each separate wheel. The additional 
propulsion force, or booster force, is calculated with the 
aid of conventional circuits which cannot be adjusted 
5 automatically on the basis of the working performance of 

the handicapped persons themselves. The equipment described 
is bulky and results in relatively wide wheels. The 
solution does provide for some manual adjustment 
possibilities, however. 

10 

One object of the present invention is to provide a robust, 
simple and inexpensive arrangement for measuring the force 
that is applied to the drive wheels of a wheelchair by the 
user, wherein it is possible to use the wheelchair as a 
15 measuring instrument. 

Another object of the invention is to provide an 
arrangement by means of which the force applied by the user 
under different driving conditions during the course of 
20 wheelchair movement can be noted and recorded. 

Another object of the invention is to provide a wheel 
arrangement which can be readily substituted for the normal 
wheel assembly of a conventional wheelchair. 

25 

Still another object of the invention is to provide a wheel 
arrangement for an electric wheelchair with which the 
user's own resources are utilized, and with which the 
wheelchair solely adds the additional force required to 

30 propel the wheelchair forwards in all conceivable 

situations, i.e. an individually controllable powerservo. 
The user controls the wheelchair in the same way as when 
controlling a conventional, manually activated wheelchair 
and will feel stronger as a result of the additional force 

35 delivered by the wheelchair and therewith be able to propel 
the wheelchair to places which were earlier out of range. 
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person using "the wheelchair, "the speed at which the 
wheelchair is propelled, the total power used in 
propelling the wheelchair, the distance travelled and 
the time taken to cover said distance, and so on, 
therewith providing the user of the wheelchair with 
feedback: regarding his/her driving of the wheelchair 
as the chair is driven. The computer includes memory 
devices which enable measurement data to be collected 
and processed to some extent as the wheelchair is 
propelled by the user. 

The computer fitted to the wheelchair has a capacity 
sufficient to present the driving result. The 
calculating capacity of the chair-mounted computer can 
be increased, however, by transferring stored series 
of signals from the chair-mounted computer to a 
stationary, external computer of greater capacity with 
regard to software and display screen, for instance to 
a personal computer. The information can be stored so 
as to enable it to be recovered on later occasions and 
compared with the results of fresh test runs. 

This type of measuring wheelchair, or instrument, has 
several areas of use. Since the measuring wheelchair 

25 provides an objective and correct assessment of the 
strength of the test person and his/her technique in 
propelling a wheelchair, it can be used advantageously in 
conjunction with the rehabilitation of wheelchair-bound 
people. In this regard, it can be used by therapists and 

30 physiotherapists as an instrument for planning a proper 

training program for each individual, and also to provide a 
concrete basis for the type of wheelchair that a user may 
be given in order for the user to utilize his/her own power 
and individual driving technique to the best extent. The 

35 inventive wheelchair can also be used as a stimulant for 
injured persons, since they are able to see in plain 
figures the extent of their improvement during rehabili- 
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Fig. 7A is a schema-tic overview of "the signal flow 

through the system; 
Fig. 7B illustrates a microprocessor unit for the system 

shown in Fig. 7A; and 
5 Figs. are diagrams which illustrate different control 

8A-8D possibilities relating to wheel-mounted drive 

assemblies . 

The wheelchair shown in Fig. 1 can be fitted with a new 

LO drive wheel 1 with the aid of an attachment means 2 placed 
between a drive ring 3 and a wheel rim 4 as a module, such 
as to render the invention independent of the type of 
wheelchair concerned. As shown schematically to the right 
of the Figure, the wheels can be substituted for the 

15 conventional wheels of a wheelchair in accordance with the 
invention. Signals produced by power or force sensors on 
part of the attachments on and the sensed wheel speed are 
transmitted to a calculating unit, preferably in the form 
of a computer, such as a microcomputer housed in a box 5 

20 together with batteries, etc., and fitted to the chair. The 
result of the calculations made by the unit 5 can be shown 
on a display unit 6, which may be fitted to the wheelchair 
so as to enable the result to be easily seen by the user. 
The wheels may also be fitted with a drive motor 7 which 

25 functions to deliver additional power to the wheels when 
necessary, in response to a control from the calculating 
unit. The display unit 6 may be housed in a setting control 
box 8 provided with knobs or keys 9 and 10, for instance, 
by means of which the user is able to set that power level 

30 for each wheel from which the additional power shall be 

delivered. The calculating unit may also be provided with 
software or the like which will allow the user to switch to 
a control lever 11, or joystick, when desiring to use this 
type of forward propulsion control means instead of the 

35 drive rings. 



Figs. 2A-2C illustrate a first embodiment of an inventive 
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sensors. According to the present invention, this 
possibility is utilized to reduce the number of power 
sensors required, preferably down to two. The invention is 
not limited, however,, to only two power sensors. 

5 

As indicated in Figs. 2A and 2B, the attachments between 
the drive ring 3 and the rim 4 are of two different kinds, 
of which one kind 2.1 functions to hold the drive ring and 
the wheel rim so that force from the drive ring 3 will be 

10 transmitted in all directions and then also tangentially to 
the wheel rim 4, and where the second type of attachment 
2.2 functions to hold the drive ring in relation to the rim 
so that force from the drive ring will be transmitted to 
the wheel rim essentially solely in the direction of the 

15 wheel axle, i.e. it will not take-up load in the plane 
perpendicular to the wheel axle 15. This means that all 
forces acting in the plane extending at right angles to the 
wheel axle 5 and transmitted from the drive ring attach- 
ments to the wheel are taken-up by the attachments 2.1 

20 provided with power sensors. 

To prevent the drive ring from wobbling and feeling limp or 
flimsy to the user, there will preferably be at least four 
attachments between the drive ring 3 and the wheel rim 4. 
25 It is essential in this regard that the drive ring is 
maintained parallel with the wheel rim. 

Fig. 2B illustrates one embodiment of the attachment 2.2. 
The attachment is pivotal in all directions with regard to 
30 both drive ring 3 and wheel rim 4, through the medium of 
two pivotal or universal connections 13. 

Fig. 3 illustrates another embodiment of the attachment 
which lacks a power sensor. Thus, there is shown an 
35 attachment 2.20 which has a modulus of elasticity which is 
negligible in comparison with the modulus of elasticity of 
the attachment(s) 2.1 having power sensors. This means that 



WO 95/05141 



PCT/SE94/00741 



11 



curved. It: is also conceivable to attach some type of frame 
structure to the wheel at its different types of attachment 
or holder against which the drive ring is secured, or 
alternatively the different types of holder may be mounted 
5 directly onto the wheel hub, which must then be stable. 

As illustrated in Fig. 2A, the measuring bridge is 
connected to a measurement signal amplifier and to a bridge 
supply circuit 22, which is also connected by a cable 23 to 

10 a unit 24 mounted on the wheel hub and provided with means 
for slip-ring transmission of voltage supply and of 
measurement signals from the power sensors 18, and which is 
provided with a speedometer. The circuit 22 will also 
preferably perform signal processing operations, with 

15 conversion of the detected or sensed analog signal Au to a 
pulse signal of different frequency, said frequency being 
dependent on the magnitude of the signal AU. 



20 



25 



30 



As shown in Fig. 2B, one part 26 of the unit 24 is provided 
with slip ring trades in accordance with Fig. 2C and is 
placed so as to be co-rotational with the wheel, while 
another part 27 of said unit is placed so as to be held 
stationary on the wheelchair. This can be achieved by using 
the hollow bolt and its polygonal screw head, which is 
stationary on the majority of wheelchairs, such as to hold 
the wheel axle 15, with its screw head as an anvil surface 
or counterpressure surface, and by providing the part 27 
with a central opening having a configuration adapted to 
the configuration of the screw head. 



The wheel, drive ring 3, power sensor 2, signal 
transmission means thus form a replaceable module 1. The 
module 1 may also include a drive assembly or drive package 
41 described below with reference to Fig. 5. This module 
35 construction which can be coupled to the wheel of the 

wheelchair both quickly and simply enables the inventive 
wheel to be readily fitted to and removed from different 
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a wheelchair. However, in this case, it is necessary to 
provide the wheelchair with an anvil means or 
counterpressure means, in order to make the change 
possible. It must be possible to secure the axle in a 
rotationally free manner, and arrangements to this end are 
well known to the skilled person and will not therefore be 
shown and described in detail; see for instance German 
Patent Specification No. DE-41272577. The signals produced 
by the power sensors may be transmitted with the aid of a 
slip ring contact also in the case of this embodiment, 
although in the illustrated case the pulses obtained from 
the circuit 22 (see Fig. 2A) are shown to be coupled to an 
IR light -emitting diode 121 which transmits the pulses in 
the form of IR light which is received by an IR 
phototransistor 122 fitted to the wheelchair S. The pulse 
signals received by the IR phototransistor 122 are 
converted to signals which can be read into the 
microcomputer unit 56. In the case of this embodiment, the 
circuit 22 includes a battery for powering the power 
sensors . 

Figs. 6A and 6B illustrate in detail another embodiment of 
the slip ring transmission system and the quick-coupling 
unit used in accordance with the invention. Naturally, this 
type of transmission can be used with both types of wheel, 
i.e. with or without the drive assembly. However, as 
mentioned above, it is necessary in the case of wheels that 
are equipped with a drive assembly to provide a separate 
arrangement which will ensure that the wheel axle is 
stationary in relation to the wheelchair. A chair-holding 
unit 42 (not described in detail) having a stationary bolt 
43, for instance a hollow bolt, provided with a polygonal 
head 44 is provided for accommodating the wheel axle of the 
wheelchair drive wheel. Each wheel 45 is provided with a 
hollow axle 46 which is connected to the wheel through the 
medium of ball bearings. The axle 46 is held in place by 
balls 48 or the like which are moved outwardly of the inner 
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to the wheelchair. Arrangements for achieving this are well 
known to the art and will not therefore be described here. 
For instance, the wheel axle can be clamped in the vicinity 
of the bolt 43. 

As illustrated in Fig. 7A, the torque signal 55 obtained, 
i.e. the converted measurement signal Au, is transmitted 
from each of the drive wheels 1 to the wheelchair and is 
there delivered to a microcomputer unit 56 housed in the 
box 5 (Fig. 1). In addition to this signal, the 
microcomputer unit 56 also receives information 57 relating 
to the speed of each drive wheel 1 and information 58 
relating to the settings made on the instrument panel 8. 
The microcomputer unit 56 performs the selected function on 
the basis of these signals as input data. 

When choosing to use the wheelchair in its measuring 
capacity, the microcomputer unit 56 will store at least the 
measurement signals 55, 57 in its memory. 

The memory can then be read and the memory contents trans- 
ferred by the microcomputer unit 56 to a conventional 
personal computer 59 for further processing, through the 
medium of a multi-pole contact device 60. 

When a control program for wheels that are provided with an 
additional drive assembly 41, including a motor, is 
selected, the microcomputer unit 56 will calculate the 
additional force that shall be added to the force exerted 
by the user and then control the drive assembly 41 with the 
signal 43 individually for each of the wheels. Control 
signals for the display unit 6 on the instrument panel are 
delivered through the cable or line 67. 

In order for the aforesaid inventive arrangement to be 
realized, there is required a unit which is able to process 
the incoming signals quickly. A conventional computer unit 
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a linearly increasing force addition. Fig. 8B shows a force 
addition, or force booster, which varies exponentially 
between the set level beneath which no force booster is 
produced, and a level of maximum force on the drive rings. 
5 This control strategy produces approximately the same force 
on the drive ring irrespective of the resistance offered by 
the surface along which the wheelchair moves. The time 
diagram shown in Fig. 8C illustrates the performance of a 
control strategy intended to provide linear amplification 
10 with integration of the force in those instances when the 
wheelchair does not begin to roll forwards. This control 
strategy can be applied when negotiating obstacles, such as 
raised thresholds, pits or depressions in the floor, etc. 
After a first time lapse between t, and x 2 with linear 
15 amplification of the measured drive torque and failure to 
detect wheel speed, the additionally applied drive torque 
is increased until a wheel speed is detected at time point 
x 3 . The additionally applied torque is then lowered to the 
torque value that prevailed during the first time period. 
20 When the detected torque on the drive ring has fallen to 
zero at time point x 4 , the applied drive is reduced to a 
lower value, which is maintained until the wheel speed has 
decreased to zero, i.e. the wheel is stationary. Fig. 8D 
illustrates a control strategy in which a mean value is 
25 formed with the intention of reducing the effect of 

vibrations in those instances when the wheelchair is used 
by spastics. The torque measured at a given instance and 
shown in the upper diagram is divided into a time window 
with time T. A mean value of the drive torques within 
30 respective windows is formed and results in the measured 

torques illustrated in the lower diagram, which is used to 
calculate the additional force required on a drive wheel, 
for instance in accordance with the principle shown in Fig. 
8A. 



35 



The measuring chair program and the control program can be 
combined and operated in parallel, therewith enabling the 
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data storage . 

It will be observed that the problem of transmitting 
signals from a rotating wheel to the wheelchair can be 
5 solved in ways other than that described with reference to 
slip ring transmission, for instance by cordless 
transmission with the aid of IR light or radio signals. One 
example of signal transmission is to transmit the amplified 
measurement signal in the form of a pulse train having a 
10 frequency which is linearly dependent on AU. 

The microcomputer 56, the instrument panel 8 and the drive 
assembly 41 are powered electrically by batteries placed in 
the box 5 on the wheelchair. The means for measuring torque 
15 and transmitting signals may be powered by the wheelchair 
batteries, as illustrated with the slip ring unit shown in 
Fig, 2C, or by a separate battery, or by means of some 
other electric current source mounted on the wheel, for 
instance in the unit 22. 

20 

As seen on the part of the user, the inventive power servo 
effect for manual wheelchairs will be experienced as a 
"conventional" manual wheelchair, but with the difference 
that the user will feel stronger in the arms. 

25 

The powerservo function will satisfy the whole of the human 
spectrum found in the ranges of those who can almost manage 
a manual wheelchair and those which are able to control 
their arms but are unable to propel a manual wheelchair. 

30 

The measuring chair function afforded by the present 
invention provides a correct and an objective measuring 
instrument which can be used to map the strength, fitness 
and technique of a wheelchair user when driving the 
3 5 wheelchair . 

These functions can be used either together or individually 
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21 
CLAIMS 

1 . A wheel arrangement; for wheelchairs comprising means 
for measuring the force applied to a drive ring (3) by a 
user of the wheelchair, wherein the drive ring is connected 
to a wheelchair drive wheel (4) through the medium of 
5 attachments (2.1, 2.2), characterized in that the 

attachments comprise at least two different types of 
attachment, of which the first type of attachment (2.1) 
includes power or force sensors (18) and provides a holding 
effect in all directions, and of which the second type of 
10 attachment (2.2) provides a holding effect essentially 
solely in the direction of the wheel axle. 

2. A wheel arrangement according to Claim 1, 
characterized in that the first type of attachment (2.1) 

15 are two in number. 

3. A wheel arrangement according to Claim 1 or Claim 2, 
characterized in that the drive ring (3), the drive wheel 
(4) including the attachments (2.1, 2.2) form part of a 

20 wheel assembly which can be substituted for a wheel of a 

conventional wheelchair; and in that said assembly includes 
electronic means (22) and signal transmission means (24; 
51, 54) for transmitting signals to a computer unit (5; 
56), which may be mounted on the wheelchair. 

25 

4. A wheel arrangement according to any one of the 
preceding Claims, characterized in that the drive wheel (4) 
is provided with a drive assembly or drive package ( 41 ) 
which includes a wheel drive motor ( 64 ) which can be 

30 controlled on the basis of the signals received from the 
power sensors. 

5. A wheel arrangement according to Claim 3 or Claim 4, 
characterized in that the computer unit (36) is programmed 

35 for calculating continuously the force applied on each 
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supply -to and signals from "the power sensors (18), and 
which further includes a first: part (51) which is firmly 
mounted adjacent: the hub (45) and a second part having a 
cavity which is intended to be fitted over a unit (44) 
5 firmly seated on the wheelchair, said unit (44) having the 
form, for instance, of a centrally positioned unit having a 
polygonal outwardly turned periphery and positioned 
adjacent a wheel axle accommodating opening; and in that 
the wheel has an extended wheel axle (46) which includes a 
10 coupling means (48, 50) which can be fitted into said 

opening so as to hold the wheel in an axially direction, 
such that the second part will ^be located around the unit 
(44) having said polygonal periphery. 

15 10. A wheel arrangement for a wheelchair, comprising a 
wheel having a drive ring attached to the wheel with the 
aid of a plurality of attachment means that include power 
or force sensors which function to measure the propulsion 
force acting between the drive ring and the wheel, 

20 characterized in that the arrangement includes a slip ring 
transmission means (51-54) placed adjacent the wheel hub 
and operative in transmitting power supply to and signals 
from the power sensors (18), and further including a first 
part ( 51 ) which is secured firmly to the hub ( 45 ) and a 

25 second part which has a cavity which is intended to be 
fitted onto a unit (44) which is firmly seated on the 
wheelchair, for instance a centrally placed unit having a 
polygonal outwardly facing periphery and positioned 
adjacent an opening for accommodating a wheel axle; and in 

30 that the wheel has an extended wheel axle (46) which 

includes a coupling means (48, 50) for attachment in said 
opening so as to hold the wheel in an axially direction 
such that the said second part is located around the unit 
(44) having said polygonal periphery. 

35 

11. A wheel arrangement according to Claim 10, 
characterized in that the second part of the slip ring 
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wheel having a drive ring attached to the wheel and 
including a plurality of attachments provided with power or 
force sensors which are adapted to measure the forward 
propulsion force between the drive ring and the wheel, 
characterized in that the arrangement includes a drive 
assembly (41) which, in turn, includes a motor (64) which 
can be controlled on the basis of the signals delivered by 
the power or force sensors (18) such as to effect forward 
propulsion of the wheel when necessary. 

16. A wheel arrangement according to Claim 15, 
characterized by a quick coupling (44, 53, 48, 50) which is 
adapted to means mounted on the wheelchair so as to enable 
the wheel arrangement to replace a conventional wheel. 

17. A wheel arrangement according to Claim 15 or Claim 16, 
characterized in that the arrangement includes slip ring 
transmission means (51-54) mounted adjacent the wheel hub 
and functions to transmit power -to and signals from the 
power sensors (18) and the drive assembly (41), said 
transmission means including a first part (51) which is 
mounted firmly adjacent the hub (45) and a second part 
having a cavity which is intended to fit over a unit (44) 
firmly mounted on the wheelchair, for instance a centrally 
placed unit having a polygonal, outwardly turned periphery 
and positioned adjacent wheel axle accommodating opening. 

18. A wheel arrangement according to any one of Claims 15- 
17, characterized in that the wheel is provided with 
electronics (22) and a signal transmission unit (24; 51, 

54 ) for transmitting signals from the power or force 
sensors to a computer unit (5; 56) which can be mounted on 
the wheelchair and which functions to calculate the control 
of the drive assembly on the basis of the signals delivered 
by the power sensors. 

19. A wheel arrangement according to any one of Claims 15- 
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